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$EVWUDFW
$GHVLJQPHWKRGDUHSUHVHQWHG WRGHPRQVWUDWH WKHHIIHFWLYHQHVVRI WKHSURSRVHG OLQHDUSKDVHXOWUDZLGHEDQGSDVV
ILOWHU ,Q WKLV SDSHU VLPXODWLRQEDVHG YDOXDWLRQRI QRYHO XOWUDZLGH EDQGSDVV1HXUDO1HWZRUN ILOWHU ,Q WKH VHULHV
K\EULGWRSRORJ\ WKHDFWLYHILOWHU LVLQVHULHVZLWKDFDSDFLWRUDQGWKLVZKROHDUUDQJHPHQWFRPHVLQSDUDOOHOZLWKDQ
LQGXFWRU7KLVK\EULGVHWXS LV LQWURGXFHG LQVHULHVEHWZHHQ WKHVRXUFHDQG ORDG7KHHIIHFWRIFRQWUROOHURQV\VWHP
SHUIRUPDQFH DV ZHOO DV LWV VHOHFWLYH KDUPRQLF HOLPLQDWLRQ LV LOOXVWUDWHG 7KH PRGHOLQJ VLPXODWLRQ UHVXOWV DUH
SUHVHQWHG7KHREWDLQHGUHVXOWVFRQILUPWKHIHDVLELOLW\RIRXUFRQILJXUDWLRQ

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI>QDPHRUJDQL]HU@

.H\ZRUGV+\EULG1HXUDO1HWZRUN8OWUD:LGH%DQG/LQHDU3KDVH
,QWURGXFWLRQ
7KH WKLUG JHQHUDWLRQ RI FRPPXQLFDWLRQ QHWZRUNVZLOO UHTXLUH G\QDPLF VHOHFWLRQ DQGPDQLSXODWLRQ RI
ZDYHOHQJWKGLYLVLRQPXOWLSOH[LQJ:'0FKDQQHOV7XQDEOHRSWLFDOEDQGSDVVILOWHUV72%)VFDSDEOHRI
G\QDPLFDOO\ VHOHFWLQJ WKH:'0 FKDQQHOV DUH WKHUHIRUH LPSRUWDQW FRPSRQHQWV LQ VXFK QHWZRUNV )LEHU
%UDJJ JUDWLQJ )%* LV RQH RI WKH SURPLVLQJ FRPSRQHQWV XVHG WR GHYHORS 72%)V GXH WR VHYHUDO
DGYDQWDJHV ZKLFK LQFOXGH DOOILEHU JHRPHWU\ ORZ SRODUL]DWLRQ VHQVLWLYLW\  ORZ LQVHUWLRQ ORVV VLPSOH
WXQLQJWHFKQLTXHDQGORZFRVW>@+RZHYHU WKH)%*LWVHOIRSHUDWLQJLQWKHWUDQVPLVVLRQPRGHLVDEDQG
UHMHFWLRQILOWHUDQGWKHUHIRUHLWQHHGVWREHFRPELQHGZLWKDQH[SHQVLYHDQGEXON\FLUFXODWRUWRRSHUDWHLQ
WKH UHIOHFWLRQPRGH DV D EDQGSDVV ILOWHU7KH ILOWHUZLWK OLQHDU SKDVH UHVSRQVHV WKDW LV FRQVWDQW JURXS
GHOD\ UHVSRQVHV DUH QHHGHG LQ PDQ\ DSSOLFDWLRQV IRU VLJQDO SURFHVVLQJ LPDJH SURFHVVLQJ ZDYHIRUP
WUDQVPLVVLRQDQGVRRQ7KHJRRGRUEDGILOWHUGHWHUPLQHVWKHSURGXFWTXDOLW\VRDOORIWKHFRXQWULHVSXW
HPSKDVLV RQ WKH VWXG\ DQG SURGXFW RI ILOWHU :LWK WKH GHYHORSPHQW RI FRPSXWHU WHFKQRORJ\ LQWHJUDWH
WHFKQLTXHV DQGPDWHULDO LQGXVWU\ WKH GHYHORSPHQW RI ILOWHU DOVR JHWV D QHZ VWHS DQG LW EHFRPHV KLJK
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SUHFLVLRQORZSRZHUORVVVPDOOEXON$WWKHVDPHWLPHWKHFORFNIUHTXHQF\LQFUHDVHGKLJKHUDQGKLJKHULQ
GLJLWDO FRPPXQLFDWLRQ V\VWHP DQGZLWK WKH VSHHG DQG EDQGZLGWK LQFUHDVHG LQ GLJLWDO QHWZRUN WKH KLJK
UHTXLUHPHQWZDVEURXJKW IRUZDUGRQ WKH8:%DQG OLQHDUSKDVHFKDUDFWHULVWLF+RZHYHU WKHILOWHUGHVLJQ
XVHGLQFRQYHQWLRQDODQWLFLSDWHGDEHUUDQFHPHWKRGIDFHV WKHFRQWUDGLFWLRQEHWZHHQEDQGZLGWKDQGOLQHDU
SKDVH%DVHGRQ WKLVFRQWUDGLFWLRQ WKLVSDSHU VWXGLHVDQ LPSURYHGFLUFXLW WRGHVLJQ WKH8:%DQG OLQHDU
SKDVHILOWHU
7KHUHDUHVHYHUDOPHWKRGVRIJHQHUDWLQJDQGUDGLDWLQJ8:%VLJQDOV7KHPRVWSRSXODUZDYHIRUPXVHG
LV WKH708:%ZKLFKFRQVLVWVRIXOWUD VKRUWPRQRF\FOHZDYHOHWVZLWK WLJKWO\FRQWUROOHGSXOVH WRSXOVH
LQWHUYDOV7KHSXOVHWRSXOVHLQWHUYDOLVYDULHGRQDSXOVHWRSXOVHEDVLVGHSHQGLQJRQWKHLQIRUPDWLRQVLJQDO
DQGWKHFKDQQHOFRGH$OWKRXJKWKHUHDUHRWKHUPHWKRGVIRUJHQHUDWLQJWKH8:%VLJQDOWKHLPSXOVHEDVHG
ZDYHIRUPLVWKHPRVWSRSXODURQH+HQFHZHIRFXVRQWKHLPSXOVHZDYHIRUP8:%VLJQDOLQWKLVSDSHU
7KHPRVWLPSRUWDQWGHVLJQUHTXLUHPHQWVIRU8:%EDVHGQHWZRUNVDUH>@
y 3URYLGLQJDPHWKRGWRDOORZDXVHUWRGHFRGHDSDUWLFXODUGDWDVWUHDP
y $OORZLQJDOOWKHXVHUVWRHIILFLHQWO\VKDUHWKHPHGLDVSHFWUXPUDQJH
y 7HFKQLTXHVWREXLOGWKHV\VWHPZLWKVXIILFLHQWSHUIRUPDQFHRUFRVWDGYDQWDJHRYHUH[LVWLQJ
5HFHQWUHVHDUFKVXJJHVWVWKDWWKHUHODWLRQVKLSVLQDUDEOHVXFKDVFXVWRPHUVDWLVIDFWLRQOR\DOW\DQGSURILW
PRGHOV DUH LQ IDFW FKDUDFWHUL]HG E\ QRQOLQHDULW\ DQG DV\PPHWU\   LPSO\LQJ WKDW WKH IUHTXHQWO\XVHG
V\PPHWULFOLQHDUIXQFWLRQDOIRUPVZRXOGUHVXOWLQPRGHOLVVSHFLILFDWLRQ)XUWKHUPRUHVHYHUDOUHVHDUFKHUV
SURSRVHG WKDW DV\PPHWULF QRQOLQHDU VDWLVIDFWLRQ DQG OR\DOW\ PRGHOV KDYH VXSHULRU SUHGLFWLYH SRZHU
0RUHRYHU VSHHG\JURZWKRI WKHFROOHFWHGGDWDE\ILUPVQRWRQO\ OHDGV WRDFRPSOLFDWHGDQGPHVV\GDWD
VWUXFWXUH EXW DOVR UHVXOWV LQ D ODUJH QXPEHU RI GDWD WKDWPDNHV WKH SUREOHPV IRU WUDGLWLRQDO VWDWLVWLFDO
PHWKRGV WRR KDUG7KXV KLGGHQ NQRZOHGJH LQ WKLV GDWD YROXPH FDQQRW EH XVHG GLUHFWO\7KLV QDWXUH RI
FXVWRPHUEHKDYLRUSUREOHPDQGWKHDELOLW\RI$11LQHOLFLWLQJWKHQRQOLQHDUUHODWLRQVDPRQJWKHYDULDEOHV
DUHRXUPDLQ LQFHQWLYH LQ DSSO\LQJ$11 LQ WKHSUREOHP$11VDUHGLVWULEXWHG DQGSDUDOOHO LQIRUPDWLRQ
V\VWHPV ZKLFK VLPXODWH WKH KXPDQ EUDLQ WR SURFHVV LQIRUPDWLRQ $11V VLPXODWH KXPDQ FRJQLWLRQ E\
PRGHOLQJ WKH LQKHUHQW SDUDOOHOLVP RI QHXUDO FLUFXLWV LQ WKHEUDLQ XVLQJPDWKHPDWLFDOPRGHOV RI KRZ WKH
FLUFXLWVIXQFWLRQ7KH\FRXOGEHXVHGWROHDUQFRPSOH[SDWWHUQVRILQIRUPDWLRQDQGJHQHUDOL]HWKHOHDUQHG
LQIRUPDWLRQ$11VDUHSDVVLYHO\ SDUDOOHO LQWHUFRQQHFWLRQVRI VLPSOH QHXURQV DV D FROOHFWLYH V\VWHP DQG
FRQVLVW RIPDQ\QRQOLQHDUFRPSXWDWLRQDO HOHPHQWV FDOOHGQRGHVZKLFK DUH LQWHUFRQQHFWHG WKURXJKGLUHFW
OLQNV2QHRUPRUHLQSXWYDOXHVDUHWDNHQDQGFRPELQHGLQWRDVLQJOHYDOXHDQGWUDQVIRUPLQWRDQRXWSXW
YDOXH,WFDQEHXVHGLQDSSOLFDWLRQVZKHUHDPRGHORIDV\VWHPLVUHTXLUHGEDVHGRQDQLQSXWVHWRIWUDLQLQJ
GDWD $11V DUH ZLGHO\ XVHG WR H[DPLQH WKH FRPSOH[ UHODWLRQVKLS EHWZHHQ LQSXW YDULDEOHV DQG RXWSXW
YDULDEOHV6LQFH HDUO\ WKHUH KDV EHHQ DQ H[SORVLYH JURZWK LQSXUH DQG DSSOLHG UHVHDUFK UHODWHG WR
QHXUDO QHWZRUNV 'XULQJ WKLV SHULRG WKHPXOWLOD\HU IHHGIRUZDUG QHXUDO QHWZRUNV ZHUH LQWURGXFHG DQG
LPPHGLDWHO\IRXQGZLGHDSSOLFDWLRQ LQPDQ\ ILHOGV7KHXVHRI$11VKDVJDLQHGSRSXODULW\ LQEXVLQHVV
DQGPDUNHWLQJWKDWKDYHKHOSHGWRVROYHPDQ\SUREOHPVLQFOXGLQJPDUNHWVHJPHQWDWLRQVDOHVIRUHFDVWLQJ
GLUHFWPDUNHWLQJQHZSURGXFWGHYHORSPHQW DQG WDUJHWPDUNHWLQJ7KH$11VDSSURDFKKDVEHHQDSSOLHG
PRUH UHFHQWO\ WRFRQVXPHU VDWLVIDFWLRQDQG OR\DOW\ DQDO\VHV*URQKROGW DQG0DUWHQVHQDSSOLHG$11V LQ
FXVWRPHUVDWLVIDFWLRQDQDO\VLVWRLGHQWLI\H[LVWLQJSDWWHUQVLQWKHGDWDDQGV\QHUJLHVEHWZHHQWKHGULYHUVRI
VDWLVIDFWLRQ0DQ\UHVHDUFKHUVDUHGHYRWHGWR WKHVWXG\RIXVLQJRI$11VRQPDUNHWLQJGH9LOOH 
DSSOLHG $11V WR H[SORUH FRQVXPHU EHKDYLRU IRUPDUNHW VHJPHQWDWLRQ DQG DGYHUWLVLQJ &URRNV 
XWLOL]HG$11V WR WUDLQ GDWD RI FRQVXPHU EHKDYLRU IRU SUHGLFWLQJ SRWHQWLDO FXVWRPHUV WR DYRLG XQWDUJHW
DGYHUWLVHPHQW/HH6KLK	&KXQJ7KH$11KDVYDULRXVVWUXFWXUHW\SHVDQGWKHPRVWZLGHO\XVHG
$11 LV WKH PXOWLOD\HU SHUFHSWLRQ  DUFKLWHFWXUH LQ D VXSHUYLVHG OHDUQLQJ PHWKRG WKDW KDV WKH EDFN
SURSDJDWLRQQDWXUHRIWKHOHDUQLQJSDUDGLJP
8:%DSSOLFDWLRQV
7KHPRWLYDWLRQIRUGLVFXVVLQJ8:%WHFKQRORJ\FRPHVIURPLWVDSSOLFDWLRQVDQGWKHDGYDQWDJHVLWRIIHUV
RYHURWKHUQDUURZEDQGWHFKQRORJLHV6RPHRIWKHFXUUHQWDQGIXWXUHDSSOLFDWLRQVRI8:%WHFKQRORJ\DUH
>@
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$SSOLFDWLRQVLQZLUHOHVVFRPPXQLFDWLRQV\VWHPV
y +LJKEDQGZLGWKZLUHOHVVQHWZRUNIRUKRPHVDQGRIILFHV
y 5RDGVLGH,QIRUPDWLRQVWDWLRQVWKDWFDQEHGHSOR\HGZKHUHWKHPHVVDJHVPD\FRQWDLQZHDWKHUUHSRUWV
URDGFRQGLWLRQVFRQVWUXFWLRQLQIRUPDWLRQDQGHPHUJHQF\DVVLVWDQFHFRPPXQLFDWLRQ
y $XWRPRWLYH LQFDU VHUYLFHV OLNH UHDO WLPH YLGHR IRU GLUHFWLRQV DQG SDVVHQJHU HQWHUWDLQPHQW RU
GRZQORDGGULYLQJGLUHFWLRQVIURP3'$IRUXVHE\RQERDUGQDYLJDWLRQV\VWHP
y 6KRUWUDQJHYRLFHGDWDDQGYLGHRDSSOLFDWLRQV
y 0LOLWDU\ FRPPXQLFDWLRQVRQERDUGKHOLFRSWHUV DQG DLUFUDIWVZKLFKZRXOGRWKHUZLVHKDYH WRRPDQ\
LQWHUIHULQJPXOWLSDWKFRPSRQHQWV
$SSOLFDWLRQVIRUUDGDUDQGVHQVLQJ
y *URXQGSHQHWUDWLQJUDGDU
y 9HKLFXODU5DGDUVXVHGIRUFROOLVLRQDYRLGDQFHGHWHFWLRQDQGVHQVLQJURDGFRQGLWLRQV
y 7KURXJKZDOOLPDJLQJXVHGIRUUHVFXHVHFXULW\DQGPHGLFDODSSOLFDWLRQV
y ,GHQWLILFDWLRQWDJV
y 5DGDUVHFXULW\IHQFH
y 0XOWLVHQVRUURERWVIRUUHFRQQDLVVDQFH
$SSOLFDWLRQVLQSUHFLVLRQORFDWLRQWUDFNLQJ
y ,QFRQWDLQHULQYHQWRU\V\VWHPV5),'
y $LGLQJ*36IRUORFDOL]DWLRQ
y /RFDOL]DWLRQLQVHDUFKDQGUHVFXHHIIRUWV
6RPHLPSOHPHQWDWLRQVRIWKHVHDSSOLFDWLRQVDUH
y 9(7$6 9HKLFXODU (OHFWURQLF 7DJJLQJ DQG $OHUW 6\VWHP LQLWLDWHG E\ WKH 86 'HSDUWPHQW RI
7UDQVSRUWDWLRQWRSURYLGHDPHDQVRINHHSLQJUHSHDWHGO\FRQYLFWHGGULYHUVRIIWKHURDG7KHFRQFHSW
ZDVWRWDJWKHYHKLFOHZLWKDGHYLFHWKDWUHOD\VDSLFWXUHRIWKHGULYHUDQGWKHYHKLFOHWRDURDGVLGH
VHQVRULQDSROLFHYHKLFOH
y :,&6 8:%:LUHOHVV ,QWHUFRP &RPPXQLFDWLRQV 6\VWHP IRU 86 1DY\ DLUFUDIW 7KH WUDQVFHLYHU
SURYLGHVPXOWL FKDQQHO IXOO GXSOH[  NE V GLJLWDO YRLFH DFURVV D UDQJH RI P 8:%ZDV WKH
FKRVHQWHFKQRORJ\EHFDXVHRILWVDELOLW\WRRSHUDWHLQPXOWLSDWKFUHDWHGE\5)UHIOHFWLRQVLQVLGHWKH
DLUFUDIWLWVQRQLQWHUIHULQJDQGORZSUREDELOLW\RILQWHUFHSWVLJQDWXUH
y 0$1(7 'HYHORSPHQW RI KLJKO\ PRELOH PXOWLQRGH DG KRF ZLUHOHVV FRPPXQLFDWLRQV QHWZRUN
IXQGHGE\WKH2IILFHRI1DYDO5HVHDUFK7KHV\VWHP LVGHVLJQHGWRSURYLGHDFRQQHFWLRQOHVVPXOWL
KRSSDFNHWVZLWFKLQJVROXWLRQIRUVXUYLYDEOHFRPPXQLFDWLRQVLQDKLJKOLQNIDLOXUHHQYLURQPHQW
y )LUHILJKWHU 3/7 UDGLR >@ 708:% UDGLR LV XVHG DV D SUHFLVH VHOIUHIHUHQFLQJ G SRVLWLRQ
ORFDWLRQWUDFNLQJDQGYRLFHFRPPXQLFDWLRQVV\VWHPVIRUILUHILJKWHUVLQVLGHDQGRXWVLGHRIEXLOGLQJV
708:%UDGLRVDUHDEOHWRWDNHDGYDQWDJHRIPXOWLSDWKWKXVPDNLQJWKHPLGHDOIRUWKLVDSSOLFDWLRQ
DVRSWLFDODQG*36EDVHGV\VWHPVZLOOQRWZRUNLQVPRNHILOOHGEXLOGLQJV
'HVLJQ3URMHFW
:KHUHYHU7LPHVLVVSHFLILHG7LPHV5RPDQRU7LPHV1HZ5RPDQPD\EHXVHG,IQHLWKHULVDYDLODEOH
RQ\RXUZRUGSURFHVVRUSOHDVHXVHWKHIRQWFORVHVWLQDSSHDUDQFHWR7LPHV$YRLGXVLQJELWPDSSHGIRQWV
LISRVVLEOH7UXH7\SHRU2SHQ7\SHIRQWVDUHSUHIHUUHG3OHDVHHPEHGV\PEROIRQWVDVZHOOIRUPDWK
HWF
7KH FRQYHQWLRQDO GHVLJQ PHWKRG XVHV WKH %XWWHUZRUWK &KHE\VKHY DQG HOOLSVH IXQFWLRQ>@HW DO
+RZHYHUZKHQWKHDQWLFLSDWHGDEHUUDQFHPHWKRGLVXVHGWRGHVLJQWKHILOWHU LWQHHGWUDQVIRUP WRUHDOL]H
WKHEDQGSDVVILOWHUDQGWKHJURXSGHOD\FKDUDFWHULVWLFSUHVHQWVVLQNLQEDQGSDVV,WDOVRQHHGVHTXLOLEULXP
WR UHDOL]H WKH OLQHDU SKDVH ,W LV IXVV\ DQG FRPSOLFDWH LQXVLQJGLUHFW FRXSOLQJPHWKRG)RU H[DPSOH WKH
PLGGOH IUHTXHQF\ ILOWHU WKH VHFRQG ILOWHU LQ FRPPXQLFDWLRQ V\VWHP :KHQ WKH DQWLFLSDWHG DEHUUDQFH
PHWKRGLVXVHGWRGHVLJQWKHILOWHUWKHGLVDGYDQWDJHLVWKHG%EDQGZLGWKQDUURZDQGLWLVQRWVDWLVILHGWKH
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OLQHDU SKDVH UHTXLUHPHQW7KLV LPSURYHG GHVLJQ KDV WKHZLGHU G%EDQGZLGWK DQG LW KDV WKH IODW JURXS
GHOD\FKDUDFWHULVWLFDQGLWLVHDV\WRUHDOL]H,QZKLFK

  =&/         ˄1˅

)LJ7KHFRXSOLQJUHVRQDWRUILOWHU

7DEOHˊ/RZSDVVILOWHUSDUDPHWHU
1 & TF TL
,QVHUWLRQ
/RVV>G%@
5HWXUQ
ORVV>G%@
     
     
     
     
,Q ZKLFK &= LV FKDUDFWHULVWLF UHVLVWDQFH DQG / DQG & DUH XQLWDU\ SDUDPHWHUV RI ORZ SDVV ILOWHU LWV
SDUDPHWHU>@>@DVWDEOH
7$%/(, /2:3$66),/7(53$5$0(7(5
1 & TF TL
,QVHUWLRQ 5HWXUQ
/RVV>G%@ ORVV>G%@
     
     
     
     
  / /= . (2) 
    Q Q/ &ω = . (3) 
  F G%/ /= ω= Δ . (4) 
 

    G% F& /=ω ω= Δ . (5) 
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'HVLJQH[DPSOHV
,Q WKLV VHFWLRQ ZH JLYH VRPH GHVLJQ H[DPSOHV RI WKH SURSRVHG 8:% ILOWHUV WR LQYHVWLJDWH WKHLU
IUHTXHQF\UHVSRQVHVDQGWKHQH[DPLQHWKHFDXVDOLW\DQGVWDELOLW\E\GHVLJQLQJYDULRXV8:%ILOWHUVZLWK
GLIIHUHQW JURXS GHOD\V 7KH GHVLJQ 8:% ILOWHU UHTXLUH LW OLQHDU SKDVH DQG WKH FHQWUDO IUHTXHQF\ LV
0+]G%EDQGZLGWK LV0+]  $FFRUGLQJ WR IURP  WR ZHPD\JHW WKHSDUDPHWHUVRI WKH
ILOWHU7KHYDOXHVRILQGXFWDQFHVQ+DQGFDSDFLWDQFHVS)DUH
UHVSHFWLYHO\$QG WKHUHVLVWDQFHYDOXHVRI WKH WZR
SRUWVDUH Ω   5 = Ω   5 = Ω 7KHFLUFXLWLVDV)LJXUH

)LJ7KHGHVLJQHGEDQGSDVVILOWHU
,Q DGGLWLRQ VLPXODWH WKH ILOWHU LWV PDJQLWXGH IUHTXHQF\ DQG JURXS GHOD\ FKDUDFWHULVWLF LV DV
)LJXUH DQG )LJXUH UHVSHFWLYHO\ $V VHHQ LQ ILJ  DQG ILJ  WKH GHVLJQHG ILOWHU FHQWUDO IUHTXHQF\ LV
0+]WKHPDJQLWXGHIUHTXHQF\LVEHWWHULQSDVVEDQGEORFNEDQGDWWHQXDWLRQLVELJDQGLWSUHVHQWVWKH
OLQHDUSKDVHFKDUDFWHULVWLFLQSDVVEDQG
&RQFOXVLRQ
$ QHZ PHWKRG RI  8:% ILOWHUV GHVLJQ KDV EHHQ SURSRVHG,W LV YHU\ XVHIXO LQ GHVLJQLQJ PLGGOH
IUHTXHQF\ILOWHULQFRPPXQLFDWLRQV\VWHP7KHUHIRUHWKLVVWXG\SUHVHQWVDUHOLDEOHPHWKRGIRUHQKDQFLQJ
WUDGLWLRQDO ILOWHUGHVLJQPHWKRGV%\XVLQJ VHYHUDO IL[HG UHVLVWDQFHZLUHSDLUV LQFRQWDFWZLWK WKH8:%
ILOWHUVDWVRPHVSHFLILFSRVLWLRQV LW LVSRVVLEOH WRREWDLQDKLJKVSHHGVWHSWXQDEOHEDQGSDVV ILOWHUZLWK
UHVSRQVHWLPHLQWKHRUGHURIVXEVHFRQGVE\XVLQJWKHSULQFLSOHWKDWZHKDYHGHYHORSHGKHUH
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
)LJ0DJQLWXGHIUHTXHQF\FKDUDWHULVWLFRIGHVLJQHGILOWHU

)LJ*URXSGHOD\FKDUDWHULVWLFRIGHVLJQHGILOWHU
5HIHUHQFHV
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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1RYHPEHU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